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1. Introduction
In RAN #71, the SID on the 5G new radio interface was approved [1]. The design of NR system includes waveform and multiple access schemes. In RAN1 #84bis, it was agreed that non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases. Also, the basic parameters of link level simulation (LLS) were agreed. The parameters of system level simulation (SLS) parameters were discussed.
In this contribution, we present LLS results for non-orthogonal scheme pattern division multiple access (PDMA) [2~3].
2. Discussion
2.1. LLS of PDMA Uplink
Simulation parameters for PDMA uplink are shown in Table 1.
Table 1: simulation parameters for uplink
	Parameters 
	Values or assumptions

	Carrier Frequency
	2 GHz 

	Waveform
	OFDM

	Channel coding
	LTE Turbo

	Numerology
	Same as Release 13 

	System Bandwidth
	10 MHz 

	Total allocated bandwidth for transmission
	4RB (0.72MHz), 12RB (2.16MHz) 

	Overhead
	2 DMRS symbols, no SRS, 144 available RE per RB for data transmission 

	Target spectral efficiency
	100%: PDMA pattern matrix 4×4
200%: PDMA pattern matrix 4×8
300%: PDMA pattern matrix 4×12
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	Suggested target spectral efficiency
Definition: TB size per user / total number of resource elements shared for data transmission
	Required transmission bits per user:

For 4RB case (without CRC): 120 bits, 192 bits, 264 bits
For 12RB case (without CRC): 408 bits, 624 bits, 840 bits

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	Transmission mode
	TM1 (refer to TS36.213[4]) 

	SNR distribution of Multiple UEs
	Multi-user LLS with equal average SNR

	Propagation channel & UE velocity
	EPA
TDL-C (300ns) for in TR38.900 [5]
3km/h

	Max number of HARQ transmission
	1

	Given BLER level (to calculate sum throughput)
	0.01 for 1 transmission 

	Channel estimation
	Ideal


4 RB in EPA 3km/h
For 4RB in channel EPA 3km/h, Figure 1 shows the results of BLER vs SNR, and Figure 2 shows the results of sum throughput vs SNR.
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(a) QPSK coding rate=0.5
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(b) QPSK coding rate=0.75
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(c) 16QAM coding rate=0.5
Figure 1 BLER vs SNR: 4RB; EPA 3km/h
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Figure 2 Sum Throughput vs SNR: 4RB; EPA 3km/h
12 RB in TDL-C 3km/h

For 12RB in channel TDL-C 3km/h, Figure 3 and Figure 4 show the performance results of BLER vs SNR and sum throughput vs SNR, respectively. Compared with above 4RB case, in this 12RB case PDMA shows much higher gain over OMA. This is because discrete subcarrier mapping with frequency interval of 3RB is considered for PDMA while continuous subcarrier mapping is considered for OMA. So, PDMA can get additional frequency diversity gain over OMA.
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(a) QPSK coding rate=0.5
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(b) QPSK coding rate=0.75

Figure 3 BLER vs SNR: 12RB; TDL-C 3km/h
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Figure 4 Sum Throughput vs SNR: 12RB; TDL-C 3km/h
Observation 1: Compared with OMA, sum throughput of PDMA in 200% overload is about 2 times that of 100% overload.
Observation 2: Compared with OMA, sum throughput of PDMA in 300% overload is about 3 times that of 100% overload.

Observation 3: For larger number of RB bundling, PDMA can get additional frequency diversity gain by discrete subcarrier mapping.

2.2. LLS of PDMA Downlink
Simulation parameters for PDMA downlink are shown in Table 2.
Table 2: simulation parameters for downlink
	Parameters 
	Values or assumptions 

	Carrier Frequency
	2 GHz 

	Waveform
	OFDM

	Channel coding
	LTE Turbo

	Numerology
	Same as Release 13 

	System Bandwidth
	10 MHz

	Total allocated bandwidth for transmission
	4RB (0.72MHz)

	Overhead
	2 PDCCH symbols, 1 CRS ports for TM1, 138 REs per RB for data transmission

	Target spectral efficiency
	MCS: QPSK {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8}
Overload: 2 users with PDMA pattern matrix 4×8

	BS antenna configuration
	1 Tx

	UE antenna configuration
	2 Rx 

	Transmission mode
	TM1

	SNR distribution of Multiple UEs
	Fixed gap {0, 10} dB between UEs 

	Number of UEs
	2 UEs

	SNR of the reference UE
	0dB

	Power allocation between UEs
	Dynamic: {0.6, 0.4}, {0.9, 0.1} (power ratio of far UE and near UE)

	Propagation channel & UE velocity
	ETU
3km/h

	Max number of HARQ transmission
	1

	Given BLER level (to calculate sum rate region)
	0.1 for 1 transmission

	Channel estimation
	Ideal


For PDMA scheme with 4RB shared resource in ETU channel with 3km/h, Figure 5 shows the results of UE2 throughput vs UE1 throughput. For the given two power ratio cases, {0.6, 0.4} and {0.9, 0.1}, PDMA can get higher throughput for both UE1 and UE2 compared with OMA.
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Figure 5 UE2 throughput vs UE1 throughput: 4RB; ETU 3km/h
Observation 4: Compared with OMA, for reasonable power ratio, PDMA can get higher throughput for both UEs.
3. Conclusion
In this contribution, LLS results for PDMA uplink and downlink are presented. We have following observations:
For PDMA Uplink
· Observation 1: Sum throughput of PDMA in 300% overload is about 3 times that of 100% overload.
· Observation 2: Compared with OMA, sum throughput of PDMA in 300% overload is about 3 times that of 100% overload.

· Observation 3: For larger number of RB bundling, PDMA can get additional frequency diversity gain by discrete subcarrier mapping.

For PDMA Downlink
· Observation 4: Compared with OMA, for reasonable power ratio, PDMA can get higher throughput in case of 2 UEs.
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